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FEATURES 

DC Performance 

400 iulA max Quiescent Current 

10 pA max Bias Current, Warmed Up (AD648C) 

300 jjiV max Offset Voltage (AD648C) 

3 |ulV/ C max Drift (AD648C) 

2 jjlV p-p Noise, 0.1 Hz to 10 Hz 
AC Performance 

1.8 V/jjls Slew Rate 

1 MHz Unity Gain Bandwidth 
Available in Plastic Mini-DIP, Cerdip, Plastic SOIC 

and Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 
Surface Mount (SOIC) Package Available in Tape and 

Reel in Accordance with EIA-481A Standard 
Single Version: AD548 



CONNECTION DIAGRAMS 



TO-99 (H) Package 



Plastic Mini-DIP (N) Package, 
Plastic SOIC (R) Package 
and 

Cerdip (Q) Package 
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PRODUCT DESCRIPTION 

T he AD 648 is a matched pair of low power, precision mono- 
lithic operational amplifiers. It offers both low bias current 
(10 pA max, warmed up) and low quiescent current (400 juA 
max) and is fabricated with ion-implanted FET and laser wafer 
trimming technologies. I nput bias current is guaranteed over the 
AD 648's entire common-mode voltage range. 

T he economical J grade has a maximum guaranteed offset volt- 
age of less than 2 mV and an offset voltage drift of less than 
20 jliV/°C . T he C grade reduces offset voltage to less than 
0.30 mV and offset voltage drift to less than 3 jiV/°C . T his level 
of dc precision is achieved utilizing Analog's laser wafer drift 
trimming process. T he combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. F ive additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 

T he AD 648 is recommended for any dual supply op amp appli- 
cation requiring low power and excellent dc and ac perfor- 
mance. In applications such as battery-powered, precision 
instrument front ends and CMOS DAC buffers, the AD 648's 
excellent combination of low input offset voltage and drift, low 
bias current and low 1/f noise reduces output errors. H igh 
common-mode rejection (86 dB, min on the "C " grade) and 
high open-loop gain ensures better than 12-bit linearity in high 
impedance, buffer applications. 

T he AD 648 is pinned out in a standard dual op amp configura- 
tion and is available in seven performance grades. T he AD 648J 
and AD 648K are rated over the commercial temperature range 
of 0°C to +70°C.TheAD648A, AD648B and AD648C are 
rated over the industrial temperature range of -40°C to +85°C . 



T he AD 648S and AD 648T are rated over the military tempera- 
ture range of -55°C to +125°C and are available processed to 
MIL-STD-883B, Rev. C. 

T he AD 648 is available in an 8-pin plastic mini-D IP, cerdip, 
SOIC, TO-99 metal can, or in chip form. 

PRODUCT HIGHLIGHTS 

1. A combination of low supply current, excellent dc and ac 
performance and low drift makes the AD 648 the ideal op 
amp for high performance, low power applications. 

2. The AD 648 is pin compatible with industry standard dual op 
amps such as the LF442, TL062, and AD642, enabling 
designers to improve performance while achieving a reduc- 
tion in power dissipation of up to 85%. 

3. G uaranteed low input offset voltage (2 mV max) and drift 
(20 uY/°C max) fortheAD648J are achieved utilizing Analog 
Devices' laser drift trimming technology. 

4. Analog Devices specifies each device in the warmed-up con- 
dition, insuring that the device will meet its published specifi- 
cations in actual use. 

5. M atching characteristics are excellent for all grades. T he 
input offset voltage matching between amplifiers in the 
AD 648J is within 2 mV, for the C grade matching is within 
0.4 mV. 

6. C rosstalk between amplifiers is less than -120 dB at 1 kH z. 

7. The AD 648 is available in chip form. 
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AD648- SPECIFICATIONS (@ + 25°C and V s = ±15 Vdc, unless otherwise noted) 
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MATCHING CHARACTERISTICS 3 


















Input Offset Voltage 




1.0 2.0 




0.5 1.0 




0.2 


0.4 


mV 


Input Offset Voltage T M | N toT MA x 




3.0/3.0/3.0 




1.5/1.5/2.0 






0.5 


mV 


1 nput Offset Voltage vs. T emperature 




8 




5 




2.5 




(iV/°C 


Input Bias Current 




10 




5 






5 


pA 


Crosstalk 




-120 




-120 




-120 




dB 


INPUT IM PEDAN CE 


















D ifferential 


1 x 10 1 2 ||3 




1 x 10 12 3 




1 x 10 12 3 




qIIdF 


C ommon M ode 


3 x 10 12 ||3 




3 x 10 12 3 




3 x 10 12 3 




ft dF 


IMDIIT \/r\l T A C C D A M r C 

INrUI VULIAbbKAINIbb 


















D ifferential 4 




±20 




±20 




±20 




V 


C ommon M ode 


±11 


±12 


±11 


±12 


±11 


±12 




V 


r nmmnn-M nHp Rpiprtinn 

\^ VJ 1 1 1 1 1 1 VJ 1 1 1 v 1 VJ VJ V3 1 \ V3J V3V„ L 1 \J 1 1 


















VrM = +10 V 

v CM — ±KJ v 


76 




82 




86 






dB 


Tmin to T m ax 


76/76/76 




82 




86 






dB 


V CM =±11 V 


70 




76 




76 






dB 


Tmin to T MAX 


70/70/70 




76 




76 






dB 


INPUT VOLTAGE NOISE 


















Voltage 0.1 Hz to 10 Hz 




2 




2 




2 


4.0 


(iV p-p 


f = 10 Hz 




80 




80 




80 




nV/VHz 


f = 100 Hz 




40 




40 




40 




nV/VHz 


f = lkHz 




30 




30 




30 




nV/VHz 


f = 10 kHz 




30 




30 




30 




nV/VHz 


INPUT CURRENT NOISE 


















f = lkHz 




1.8 




1.8 




1.8 




fA/VHz 


FREQUENCY RESPONSE 


















Unity Gain, Small Signal 


0.8 


1.0 


0.8 


1.0 


0.8 


1.0 




MHz 


Full Power Response 




30 




30 




30 




kHz 


Slew Rate, U nity Gain 


1.0 


1.8 


1.0 


1.8 


1.0 


1.8 




V/jos 


Settling Time to ±0.01% 




8 




8 




8 






OPEN -LOOP GAIN 


















V =±10 V, R L > 10 kft 


300 


1000 


300 


1000 


300 


1000 




V/mV 


T m i m to T m a v R i > 10 kn 

i MIN LU 1 MAX' IX L — - LW 


300/300/300 


700 


300 


700 


300 


700 




V/mV 


V =±10V, R L >5kft 


150 


500 


150 


500 


150 


500 




V/mV 


Tmin to T MAX , R L > 5 kft 


150/150/150 


300 


150 


300 


150 


300 




V/mV 


OUTPUT CHARACTERISTICS 
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PACKAGE OPTIONS 


















SOIC (R-8) 




AD648JR 




AD648KR 










Plastic (N -8) 




AD648JN 




AD648KN 










Cerdip (Q-8) 


AD648AQ, AD648SQ, AD648SQ/883B 




AD648BQ, AD648TQ/883B 




AD648CQ 






Metal Can (H-08A) 




AD648AH 




AD648BH, AD648TH/883B 










Tape and Reel 


AD648JR-REEL, AD648JR-REEL7 


AD648KR-REEL, AD648K R-REEL7 










Chips Available 


AD648JChips, AD648SChips 
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NOTES 

x l nput Offset Voltage specifications are guaranteed after 5 minutes of operation at T A = +25°C . 

2 Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T A = +25°C. For higher temperature, the current doubles 
every 10°C . 

3 M atching is defined as the difference between parameters of the two amplifiers. 
4 Defined as voltages between inputs, such that neither exceeds ±10 V from ground. 
Specifications subject to change without notice. 



ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18 V 

I nternal Power D issipation 2 500 mW 

I nput Voltage 3 ±18 V 

Output Short Circuit Duration Indefinite 

D ifferential I nput Voltage +V S and -V s 

Storage Temperature Range (Q, H) -65°C to +150°C 

(N, R) -65°C to +125°C 

Operating Temperature Range 

AD648J/K 0°C to +70°C 

AD648A/B/C -40°C to +85°C 

AD648S/T -55°C to +125°C 

Lead Temperature Range (Soldering 60 sec) +300°C 

NOTES 



Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditionsabovethoseindicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
2 Thermal Characteristics: 
8-Pin Plastic Package: 9 JA = 165°C/Watt 
8-Pin Cerdip Package: 9 JC = 22°C/Watt; 9 JA = 110°C/Watt 
8-Pin M etal Package: 9 JC = 65°C/Watt; 9 JA = 150°C/Watt 
8-Pin SOIC Package: 9 JC =42°C/Wat; 9 JA = 160°C/Watt 
3 For supply voltages less than ±18 V, the absolute maximum input voltage is equal 
to the supply voltage. 

METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. 
D imensions shown in inches and (mm). 

4 0.113 (2.870) 

INVERTING 

+V S OUTPUT INPUT 

8 7 6 




INVERTING NONINVERTING -V< 
INPUT INPUT 4 

2 3 



CAUTION 



ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD 648 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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AD648- Typical Characteristics 




SUPPLY VOLTAGE - ±V 



Figure 1. Input Voltage Range 
vs. Supply Voltage 



SUPPLY VOLTAGE - 



Figure 2. Output Voltage Swing 
vs. Supply Voltage 




LOAD RESISTANCE - 11 



Figure 3. Output Voltage Swing 
vs. Load Resistance 





SUPPLY VOLTAGE - ±V 

Figure 4. Quiescent Current vs. 
Supply Voltage 




COMMON-MODE VOLTAGE - V 

Figure 7. Input Bias Current vs. 
Common-Mode Voltage 




100k 

FREQUENCY - Hz 



Figure 10. Open- Loop Frequency 
Response 



SUPPLY VOLTAGE - ±V 

Figure 5. Input Bias Current 
vs. Supply Voltage 
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Figure 8. Change in Offset Voltage 
vs. Warm-Up Time 
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Figure 1 1. Open-Loop Voltage Gain 
vs. Supply Voltage 
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TEMPERATURE - °C 

Figure 6. Input Bias Current vs. 
Temperature 



TEMPERATURE - °C 

Figure 9. Open-Loop Gain vs. 
Temperature 




100 1k 



100k 1M 



FREQUENCY - Hz 

Figure 12. PSRR vs. Frequency 
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FREQUENCY - Hz SETTLING TIME - fis 



Figure 13. CMRR vs. Frequency Figure 14. Large Signal Frequency Figure 15. Output Swing and Error 

Response Voltage vs. Output Settling Time 




FREQUENCY - Hz FREQUENCY - Hz SOURCE IMPEDANCE - 11 

Figure 16. Total Harmonic Figure 17. Input Noise Voltage Figure 18. Total Noise vs. Source 

Distortion vs. Frequency Spectral Density Impedance 




Figure 19a. Unity Gain Follower Figure 19b. Unity Gain Follower Figure 19c. Unity Gain Follower 

Pulse Response (Large Signal) Pulse Response (Small Signal) 



10kSl 




Figure 20a. Unity Gain Inverter Figure 20b. Unity Gain Inverter Figure 20c. Unity Gain Inverter 

Pulse Response (Large Signal) Pulse Response (Small Signal) 
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APPLICATION NOTES 

The AD 648 is a pair of JFET-input op amps with a guaranteed 
maximum l B of less than 10 pA, and offset and drift laser- 
trimmed to 0.3 mV and 3 jliV/°C, respectively (AD 648C). AC 
specs include 1MHz bandwidth, 1.8 V/jus typical slew rate and 
8 jus settling time for a 20 V step to ±0.01%— all at a supply 
current less than 400 juA. To capitalize on the device's perfor- 
mance, a number of error sources should be considered. 

The minimal power drain and low offset drift of the AD 648 re- 
duce self-heating or "warm-up" effects on input offset voltage, 
making the AD 648 ideal for on/off battery powered applica- 
tions. The power dissipation due to the AD648's400 joA supply 
current has a negligible effect on input current, but heavy out- 
put loading will raise the chip temperature. SinceaJFET's 
input current doubles for every 10°C rise in chip temperature, 
this can be a noticeable effect. 

T he amplifier is designed to be functional with power supply 
voltages as low as ±4.5 V. It will exhibit a higher input offset 
voltage than at the rated supply voltage of ±15 V, due to power 
supply rejection effects. Common-mode range extends from 3 V 
more positive than the negative supply to 1 V more negative 
than the positive supply. D esigned to cleanly drive up to 10 to 
and 100 pF loads, the AD 648 will drive a 2 to load with re- 
duced open-loop gain. 

Figure 21 shows the recommended crosstalk test circuit. A typi- 
cal value for crosstalk is -120 dB at 1 kH z. 




CROSSTALK = 20 LOG \7 \7 

10V|N 



Figure 21. Crosstalk Test Circuit 

LAYOUT 

To take full advantage of the AD 648's 10 pA max input current, 
parasitic leakages must be kept below an acceptable level. T he 
practical limit of the resistance of epoxy or phenolic circuit 
board material is between 1 x 10 12 £1 and 3 x 10 12 £1 T his can 
result in an additional leakage of 5 pA between an input of V 
and a -15 V supply line. Teflon or a similar low leakage material 
(with a resistance exceeding 10 17 Cl) should be used to isolate 
high impedance input lines from adjacent lines carrying high 
voltages. T he insulator should be kept clean, since contaminants 
will degrade the surface resistance. 

A metal guard completely surrounding the high impedance 
nodes and driven by a voltage near the common-mode input 
potential can also be used to reduce some parasitic leakages. 
T he guarding pattern in F igure 22 will reduce parasitic leakage 
due to finite board surface resistance; but it will not compensate 
for a low volume resistivity board. 




Figure 22. Board Layout for Guarding Inputs 
INPUT PROTECTION 

T he AD 648 is guaranteed to withstand input voltages equal to 
the power supply potential. Exceeding the negative supply volt- 
age on either input will forward bias the substrate junction of 
the chip. T he induced current may destroy the amplifier due to 
excess heat. 

I nput protection is required in applications such as a flame de- 
tector in a gas chromatograph, where a very high potential may 
be applied to the input terminals during a sensor fault condi- 
tion. F igures 23a and 23b show simple current limiting schemes 
that can be used. Rprotect should be chosen such that the 
maximum overload current is 1.0 mA (for example 100 to for a 
100 V overload). 




R P TYPICALLY lOOkn TO 1Mli 



Rp : 

Rp : 



V P 
TmA" 



FOR 1 SECOND OR LESS TRANSIENTS 



100|Xi 



■ FOR CONTINUOUS OVERLOAD 



Figure 23a. Input Protection ofl-to-V Converter 




Figure 23b. Voltage Follower Input Protection Method 

F igure 23b shows the recommended method for protecting a 
voltage follower from excessive currents due to high voltage 
breakdown. T he protection resistor, R P , limits the input current. 
A nominal value of 100 to will limit the input current to less 
than 1 mA with a 100 volt input voltage applied. 

T he stray capacitance between the summing junction and 
ground will produce a high frequency roll-off with a corner 
frequency equal to: 



fn 



2 71 R P C 



Accordingly, a 100 to value for R P with a 3 pF C^y will cause 
a 3 dB corner frequency to occur at 531 kH z. 
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Figure 23c shows a diode clamp protection scheme for an l-to-V 
converter using low leakage diodes. Because the diodes are con- 
nected to the op amp's summing junction, which is a virtual 
ground, their leakage contribution is minimal. 



R 




Figure 23c. l-to-V Converter with Diode Input Protection 

Exceeding the negative common-mode range on either input 
terminal causes a phase reversal at the output, forcing the ampli- 
fier output to the corresponding high or low state. Exceeding 
the negative common mode on both inputs simultaneously 
forces the output high. Exceeding the positive common-mode 
range on a single input doesn't cause a phase reversal; but if 
both inputs exceed the limit, the output will be forced high. I n 
all cases, normal amplifier operation is resumed when input 
voltages are brought back within the common-mode range. 

D/A CONVERTER BIPOLAR OUTPUT BUFFER 

The circuit in Figure 24 provides 4 quadrant multiplication with 
a resolution of 12 bits. The AD 648 is used to convert the AD 7545 
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CMOS D AC 's output current to a voltage and provides the 
necessary level shifting to achieve a bipolar voltage output. T he 
circuit operates with a 12-bit plus sign input code. T he transfer 
function is shown in Figure 25. 

The AD 7592 is a fully protected dual CM OS SPDT switch with 
data latches. R4 and R5 should match to within 0.01% to main- 
tain the accuracy of the converter. A mismatch between R4 and 
R5 introduces a gain error. Overall gain is trimmed by adjusting 
R m . T he AD648's low input offset voltage, low drift over tem- 
perature, and excellent dynamics make it an attractive low 
power output buffer. 

T he input offset voltage of the AD 648 output amplifier results 
in an output error voltage. T his error voltage equals the input 
offset voltage of the op amp times the noise gain of the amplifier. 

That is: 

V os Output =V 0S Input 

R F b is the feedback resistor for the op amp, which is internal to 
the D AC. Rq is the DAC's R-2R ladder output resistance. T he 
value of R is code dependent. T his has the effect of changing 
the offset error voltage at the amplifier's output. An output am- 
plifier with a sub millivolt input offset voltage is needed to pre- 
serve the linearity of the D AC 's transfer function. 




Figure 24. 12-Bit Plus Sign Magnitude D/A Converter 



SIGN BIT 


BINARY NUMBER IN DAC REGISTER 


ANALOG OUTPUT 





1111 1111 1111 


4V, N x (4095/4096) 





OOOO 0000 0000 


VOLTS 


1 


0000 0000 0000 


VOLTS 


1 


1111 1111 1111 


-V, N x (4095/4096) 



NOTE: SIGN BIT AT "0" CONNECTS THE NONINVERTING INPUT OF 
A2 TO ANALOG COMMON 



Figure 25. Sign Magnitude Code Table 
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T he AD 648 in this configuration provides a 700 kH z small sig- 
nal bandwidth and 1.8 V/jjs typical slew rate. T he 33 pF capaci- 
tor across the feedback resistor optimizes the circuit's response. 
T he oscilloscope photos in F igures 26a and 26b show small and 
large signal outputs of the circuit in F igure 24. U pper traces 
show the input signal V m . Lower traces are the resulting output 
voltage with the D AC 's digital input set to all Is. T he circuit 
settles to ±0.01% for a 20 V input step in 14 jas. 




Figure 26a. Response to ±20 V p-p Reference Square 
Wave 
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Figure 26b. Response to ±100 mV p-p Reference Square 
Wave 



DUAL PHOTODIODE PREAMP 

T he performance of the dual photodiode preamp shown in F ig- 
ure 27 is enhanced by the AD 648's low input current, input 
voltage offset, and offset voltage drift. Each photodiode sources 
a current proportional to the incident light power on its surface. 
R F converts the photodiode current to an output voltage equal 
toR F xl s . 

An error budget illustrating the importance of low amplifier in- 
put current, voltage offset, and offset voltage drift to minimize 
output voltage errors can be developed by considering the 
equivalent circuit for the small (0.2 mm 2 area) photodiode 
shown in F igure 27. T he input current results in an error pro- 
portional to the feedback resistance used. T he amplifier's offset 
will produce an error proportional to the preamp's noise gain 
(1+R f /R S h), where R SH is the photodiode shunt resistance. The 
amplifier's input current will double with every 10°C rise in 
temperature, and the photodiode's shunt resistance halves with 
every 10°C rise. T he error budget in F igure 28 assumes a room 
temperature photodiode R SH of 500 M Q, and the maximum in- 
put current and input offset voltage specs of an AD 648C . 

T he capacitance at the amplifier's negative input (the sum of the 
photodiode's shunt capacitance, the op amp's differential input 
capacitance, stray capacitance due to wiring, etc.) will cause a 
rise in the preamp's noise gain over frequency. T his can result in 
excess noise over the bandwidth of interest. C F reduces the 
noise gain "peaking" at the expense of signal bandwidth. 



= « L (0 =F 



20pF > 500Mii 




VoUT = R F U 



PHOTO DIODE 
EQUIVALENT CIRCUIT 



V 


1 AD648 i^M 


















\r c F 












100M1I 





Figure 27. A Dual Photodiode Pre-Amp 
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32 mV 
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64 mV 
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Figure 28. Photodiode Pre-Amp Errors Over Temperature 
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INSTRUMENTATION AMPLIFIER 

The AD648J's maximum input current of 20 pA per amplifier 
makes it an excellent building block for the high input imped- 
ance instrumentation amplifier shown in F igure 29. T otal cur- 
rent drain for this circuit is under 600 juA. T his configuration is 
optimal for conditioning differential voltages from high imped- 
ance sources. 

The overall gain of the circuit is controlled by R G , resulting in 
the following transfer function: 

Vqut =1| (R3 + R4) 

V in R G 



AD648 



Gains of 1 to 100 can be accommodated with gain nonlinearities 
of less than 0.01%. T he maximum input current is 30 pA over 
the common-mode range, with a common-mode impedance of 
over 1 x 10 12 £1 T he capacitors C 1, C 2, C 3 and C 4 compensate 
for peaking in the gain over frequency which is caused by input 
capacitance. 

To calibrate this circuit, first adjust trimmer Rl for common- 
mode rejection with +10 volts dc applied to the input pins. 
N ext, adjust R2 for zero offset at V ut with both inputs 
grounded. T rim the circuit a second time for optimal 
performance. 

T he -3 dB small signal bandwidth for this low power instru- 
mentation amplifier is 700 kH z for a gain of 1 and 10 kH z for a 
gain of 100. T he typical output slew rate is 1.8 V/jus. 




NOTE: VALUES FOR ALL CAPACITORS WERE CHOSEN 
FOR BEST RESPONSE FOR GAINS OF 1 TO 5. 
THEY ARE NOT REQUIRED FOR GAINS ABOVE 5. 



Figure 29. Low Power Instrumentation Amplifier 
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LOG RATIO AMPLIFIER 

Log ratio amplifiers are useful for a variety of signal condition- 
ing applications, such as linearizing exponential transducer out- 
puts and compressing analog signals having a wide dynamic 
range. T he AD 648's picoamp level input current and low input 
offset voltage make it a good choice for the front-end amplifier 
of the log ratio circuit shown in F igure 30. T his circuit produces 
an output voltage equal to the log base 10 of the ratio of the in- 
put currents 1 1 and l 2 . Resistive inputs Rl and R2 are provided 
for voltage inputs. 

Input currents I ! and \ 2 set the collector currents of Ql and Q2, 
a matched pair of logging transistors. Voltages at points A and B 
are developed according to the following familiar diode equation: 

V BE = (kT/q) ln(lc/lEs) 
I n this equation, k is Boltzmann's constant, T is absolute tem- 
perature, q is an electron charge, and l ES is the reverse satura- 
tion current of the logging transistors. T he difference of these 
two voltages is taken by the subtractor section and scaled by a 
factor of approximately 16 by resistors R9, RIO and R8. Tem- 
perature compensation is provided by resistors R8 and R15, 

A1 

V os ADJUST 
200k 



which have a positive 3500 ppm/°C temperature coefficient. 
T he transfer function for the output voltage is: 

V ut = 1V logio ( I z/l i) 
Frequency compensation is provided by Rll, R12, CI, and C2. 
Small signal bandwidth is approximately 300 kH z at input cur- 
rents above 100 juA and will proportionally decrease with lower 
signal levels. Dl, D2, R13, and R14 compensate for the effects 
of the two logging transistors' ohmic emitter resistance. 

To trim this circuit, set the two input currents to 10 joA and ad- 
just V ut to zero by adjusting the potentiometer on A3. T hen 
set 1 2 to 1 juA and adjust the scale factor such that the output 
voltage is 1 V by trimming potentiometer RIO. Offset adjust- 
ment for Al and A2 is provided to increase the accuracy of the 
voltage inputs. 

T his circuit ensures a 1% log conformance error over an input 
current range of 300 pA to I mA, with low level accuracy limited 
by the AD 648's input current. T he low level input voltage accu- 
racy of this circuit is limited by the input offset voltage and drift 
of the AD 648. 



FOR EACH AMPLIFIER: 

-r 



{AD548)-PIN7 
(AD648)-PIN8 



-0+V s 




Vout =1Vx LOG 10 ^ 



200k 
A2 

V os ADJUST 



D1, D4 1N4148 DIODES 
*R8, R15 Ik +3500 ppm/°C TC RESISTOR 
TEL LAB Q81 OR PRECISION RESISTOR PT146 
ALL OTHER RESISTORS ARE 1% METAL FILM 



Figure 30. Precision Log Ratio Amplifier 
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OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



AD648 



8-Pin SOIC (R) Package 



TO-99 (H) Package 




0.236 ±0.012 
(6.00 ±0.20) 



050 11.27) BSC 



0.154 ± 0.004 
(3.91 ± 0.10) 



_J L_ 0.017 ± 0.003 
^ ~ (0.42 ± 0.07) 



SEATING 
PLANE ' 



0.04 
(10) 
MAX 

i_ 




0.185 (4.70) 
0.165 (4.19) 



innr u 



0.098 ±0.006 
(2.49 ±0.23) 



0.008 ±0.004 
(0.203 ±0.075) 



f 



0.011 ±0.002 
(0.269 ±0.03) 



0.033 ± 0.017 
(0.83 ± 0.43) 



INSULATION 

0.05 (1.27) MAX 



I 



. REFERENCE 
PLANE 



0.5 (12.70) 
MIN 



0.019 (0.48) D|A 
0.016 (0.41) 



0.034 (0.86) 
0.028 (0.71) \y 




45° EQUALLY 
SPACED 



BOTTOM VIEW 



^0.045 (1.1) 



Mini-DIP (N) Package 

A A A a; 



Cerdip (Q) Package 




0.165 ±0.01 
(4.19 ±0.25) 

SEATING i_ 

PLANE 



0.25R 
(0.64) 



-*|o 10h 

(2.54) 
*- jyp 

0.018 ±0.003 0.033(0.84) 
(0.46 ±0.08) NOM 



T" 0.18 ±0.03 
(4.57 ±0.76) 

L 



T 

0.20 (5.08) 
MAX 

SEATING | 

PLANE 




0.125 (3.18) 
0.200 (5.08) 



-Hoi K 

(2.54) 
*• BSC 

0.014 (0 36) 03 (0.76) 

0.023 (0.58) 0.07 (1.78) 




■ 0220 (5.59) 



/ 0.29(7.37) J 
' 0.32 (8.13) "H 
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